The seasonal dynamics of Bythonomus lemani (Lumbriculidae) were studied for the first time and the knowledge of Bothrioneurum vejdovskyanum (Tubificidae) was extended based on four quantitative samples of oligochaetes taken monthly in the Rokytná River (Czech Republic) during a two-year study (April 1999 -April 2001. The influence of water temperature, velocity, depth, discharge, pH, conductivity, dissolved oxygen amount and biochemical oxygen demand (BOD) on their life cycles was evaluated. Habitat preferences of the juvenile and adult stages were recorded. Time series analysis was used to determine the worm densities, seasonality and trends. For Byth. lemani one distinct reproduction cycle per year was found and this was regulated by temperature, while Both. vejdovskyanum showed a one-year cycle not significantly dependent on measured environmental variables. The overall trend was an increase in density for Byth. lemani and a decrease in density for Both. vejdovskyanum. Byth. lemani showed a significant negative correlation between the trend of its density and BOD concentration.
Introduction
The knowledge on the seasonal population dynamics of certain aquatic oligochaetes is limited. As early as in the first half of the last century, Hrabě (1935a, b) studied the reproduction of Bothrioneurum vejdovskyanum Štolc, 1888 (Tubificidae) and described its asexual reproduction, at that time not known in any representative of this family. Brinkhurst & Kennedy studied other tubificid species in the second half of the last century (Brinkhurst & Kennedy, 1965; Brinkhurst, 1966; Kennedy, 1966) . The best known are the life cycles of Tubifex tubifex (Müller, 1774) , Limnodrilus hoffmeisteri Claparède, 1862 and L. udekemianus Claparède, 1862 (Ladle, 1971; Bonomi, 1979 Bonomi, , 1980 Pfannkuche, 1981; Lazim & Learner, 1986; Lazim et al., 1989) because of their high abundance in polluted waters. Other species of this family which have been studied include Potamothrix hammoniensis (Michaelsen, 1901) (Thorhauge, 1976; Risnoveanu & Vadineanu, 2002) , Psammoryctides barbatus (Grube, 1861) and Spirosperma ferox Eisen, 1879 (Adreani et al., 1984) .
Freshwater species of the family Lumbriculidae and Propappidae represented by Stylodrilus heringianus Claparède, 1862, S. parvus (Hrabě-Černosvitov, 1927) and Propappus volki Michaelsen, 1916 were studied by Dumnicka & Kuku la (1990) and Petto & Humpesch (1992) . Some species from the family Naididae were also studied (e.g., Learner et al., 1978; Dumnicka, 1982) .
Recently there has been a shift from studies following only changes in the numbers of worms to more sophisticated techniques such as modelling of seasonal dynamics. In this study we aim to evaluate the seasonal dynamics of Bythonomus lemani (Grube, 1879) (Lumbriculidae) and Bothrioneurum vejdovskyanum (Tubificidae) because they are very rare and rare species, respectively, in the Czech Republic and information about their natural reproduction strategy is scarce (especially for Byth. lemani). Distribution of the Palaearctic species Byth. lemani covers S and C Europe and the study area lies on its northern margin. The conservation of this rare species requires more knowledge about its ecological demands. Whereas some authors (Brinkhurst, 1978; Hrabě, 1981) considered Byth. lemani to be a stagnant water (lakes) species, others (Rodriguez & Armas, 1983) considered it an inhabitant of running waters; certain authors have considered it as a species of oligosaprobic waters (Uzunov et al., 1988) . The second species, Both. vejdovskyanum, with a cosmopolitan distribution, is remarkable for its reproduction by architomy (fission followed by development of the rest of the body), which is quite rare in the Tubificidae family.
The species studied represent two different forms of life strategies, for Byth. lemani sexual reproduction is typical, while Both. vejdovskyanum reproduces by the above mentioned architomy. The aim of our study was to describe and compare their life cycles, to evaluate which environmental variable(s) regulate them and to find habitat preferences of juvenile and adult stages of Byth. lemani.
Material and methods

Study area and sampling
The sixth order Rokytná River (the Thaya River Basin, Czech Republic), which is influenced relatively little by human impact, was chosen for this study. The sampling site was situated on the ninth river km near Moravský Krumlov (49
• 03 N, 16
• 19 E), with 3.2% slope at 220 m a.s.l. (Fig. 1 ). The river bottom mainly consisted of small pebbles, gravel, sand and, locally, silt. During late winter and in spring periphytic algae covered the substratum; from the beginning of May the river channel was shaded and water showed high turbidity.
Oligochaetes were sampled along two cross-sections (A and B) across a 60 m long river reach. Cross-section A was a straight part of the channel, while B was a meandering one; they differed from one another in the variability of their width during the year (Tab. 1). Four typical habitats were sampled at the same time, one on cross-section A and three on B (Fig. 1) . The habitat on cross-section A was located in the middle of the channel, where small pebbles (20-40 mm) comprised 40% of bottom substratum and gravel bars did not form there. This is hereafter referred to as 'streamline A'. The habitats on cross-section B were: 'littoral', located close to the right bank of an inner river bend, 'gravel bar', located in the middle of the channel and 'streamline B', on the left side with the strongest water current up to 1.46 [m s −1 ] and the most coarse substratum. Small pebbles (20-40 mm) formed on cross-section B: 13%, 12% and 17% of the bottom substrata of littoral, gravel bar and streamline habitats, respectively. The river channel in cross-section A remained stable during the two-years sampling period, but on cross-section B the substratum was continually shifting, although the general shape of the river channel and character of the three studied habitats remained approximately the same.
Oligochaeta
Oligochaeta were sampled monthly from April 1999 to April 2001 within each habitat except in winter, when two monthly sampling was used. Quantitative samples were taken using a Kubíček's sampler (HELAN et al., 1973 ) (mesh size 0.5 mm) from a triangular area of 0.1 m 2 . Sampled animals were stored in 4% formalin in the field and sorted in the laboratory. Oligochaeta were identified to species level using the keys of HRABĚ (1954, 1981) . The specific identification of Byth. lemani was tested using cross sectioning. Abundance of juvenile and adult individuals of Byth. lemani and Both. vejdovskyanum were counted. Identification of juvenile Byth. lemani was possible because they were the only lumbriculids with simple pointed setae present in the area.
Environmental characteristics
On each sampling date one sample of water for chemical analysis was taken on cross-section A and biochemical oxygen demand (BOD) was evaluated in the laboratory. Considering the dimensions of the river, values of BOD on crosssection B were considered the same as from A. The water temperature, velocity at 40% of the depth and velocity close to the bottom, depth, pH, conductivity and dissolved oxygen were measured at each of the four habitats. Mean daily discharges were obtained from the hydrological station situated 6 km downstream from the sampling site.
Statistical analysis
The presence of species in different parts of the stream and differences in their abundance were evaluated using χ 2 test with a null hypothesis of equal distribution of worms among habitats. The proportion of adults and juveniles of Byth. lemani was determined by contingency table analysis. Proportions of their densities were weighted by the total number of worms.
Time series analysis was used to evaluate trends in worm abundance, based on the mean of worm densities and the means of abiotic parameters. Twenty-five dates were used in the time series of species density analysis; 21 sampling events and four missing values (taking into account two monthly samplings in winter) estimated from adjacent points in the time period. Data were log transformed. Moving average smoothing (3 numbers) was applied for visualization of the time series.
The time series analysis enables division of the total trend in oligochaete densities into two components: 'smooth' -representing a particular trend (increasing/decreasing) during the whole sampling period and 'cyclic' -following Relationships between abundances and abiotic parameters were computed by cross-correlation (i.e., correlation of densities with values of environmental variables shifted in time) and the lag between them was evaluated (BOX & JENKINS, 1970) . The Spearman rank correlation coefficient was used also to compare trends between species densities and environmental parameters.
The analyses were performed using Statistica 7 for Windows (STATSOFT, 2004) .
Results
Environmental variables
Seasonal changes of physico-chemical variables in the studied river stretch over two years were recorded (Tab. 1). All values were calculated from the same number of measurements (n = 21). In the highland river water quality became near oligosaprobity during the winter, while in the summer sufficient autochthonous and allochthonous organic matter sources created a status close to β-mesosaprobity (ČSN 75 7358, 1997 900 juvenile and 506 adult individuals of Byth. lemani and 2,590 juvenile and 14 adult individuals of Both. vejdovskyanum were found. In Byth. lemani, the following identification characters were revealed: the clitellum began in the half of segment IX and extended into segment XIII, the paired mushroom-like spermatecae were situated in segment IX, two pairs of testes were in the IX and X segment, atria entered into small penes in segment X (Fig. 2) Habitat preferences Numbers of Byth. lemani differed between the four habitats ( Fig. 3) whereas habitat preference was less marked for Both. vejdovskyanum (Fig. 4) . Significant inter-habitat differences were found for both Byth. lemani, (P < 0.01; χ 2 = 598; df = 3) and Both. vejdovskyanum, (P < 0.01; χ 2 = 454; df = 3). Byth. lemani preferred stream line B, a dynamic stretch of the river with the fastest current (mean water velocity at of depth 40% was 0.84 m s −1 ). Both. vejdovskyanum preferred stream line A, a relatively straight and shallow river stretch with less fluctuating water level, with no shifting of substratum (mean water velocity at of depth 40% was 0.70 m s −1 ). Significant differences in densities of adult and juvenile Byth. lemani were found among habitats (χ 2 = 24.5, P < 0.01). The adults predominated in the habitat stream line A while juveniles were mostly in littoral of B. In habitat B stream line, the one generally preferred by this species, the ratio of adults to juveniles was balanced.
Time series analysis
The evaluation of smooth components showed significant trends for both species (Fig. 5) . The density of Byth. lemani was increasing with Daniel's test value 0.51 (P = 0.017), while that of Both. vejdovskyanum was decreasing with Daniel's test value 0.54 (P = 0.011). None of the selected environmental variables showed a significant trend (using Daniel's test). The evaluation of cyclic components using autocorrelation showed certain cyclic trends, but they were insignificant. Peridiograms showed one distinct cycle per year in both species (Fig. 6) .
The cross-correlations for the density of Byth. lemani and Both. vejdovskyanum and environmental variables showed significant positive cross-correlation of Byth. lemani with water temperature (two-month lag). No other significant relationships between either species or environmental parameters were found. Comparison of trends of species densities and environmental parameters revealed some significant trends; a negative correlation between abundance of Byth. lemani and BOD (r s = 0.59; P < 0.05).
Discussion
Although Oligochaeta are generally considered as ubiquists that live in various habitats, significant habitat preferences were found in the two selected species. Byth. lemani preferred sites with the highest water velocity (0.53-1.46 m s −1 ), hence we can confirm it as a running water species (Rodriguez & Armas, 1983 ) requiring a sufficient level of dissolved oxygen. Other habitats were colonised with significantly lower densities -the straight part of the stream was preferred by adults, the littoral by juveniles. The arrangement of sexual organs in this species corresponds to that found by Rodriguez (1988) , but we did not record prostate cells in discrete masses as stated by Brinkhurst & Jamieson (1971) .
Both. vejdovskyanum as a typical tubificid inhabited the straight part of the stream, the substratum of which did not shift for most of the year. This distribution decreased the competition between Byth. lemani and Both. vejdovskyanum, which were the dominant species at this site.
Based on worm densities in the Rokytná River during a two-year study, a model of the reproductive cycle of Byth. lemani was created. The spectral analysis was computed and its peridiogram showed one distinct reproduction cycle per year. Although some adults were present throughout the year, main breeding activity started in April. The correlation with water temperature indicates that increasing temperature in March may have triggered the development of sexual organs and the subsequent copulation of worms. Increasing abundances of juveniles between August and November indicates that worms were hatching from cocoons at that time. The juvenile oligochaetes had probably grown during the winter months and matured during the spring or summer of the next year. Such a life cycle is comparable with that of another lumbriculid, Stylodrilus heringianus (Petto & Humpesch, 1992) . These authors also found a one-year cycle and significant correlation with water temperature. A similar one-year life cycle was recorded for S. parvus, with numerous adults in May and the highest percentage of juveniles in October (Dumnicka & Kuku la, 1990) .
The significant negative correlation of Byth. lemani densities and BOD values can be explained by ecological adaptation of this species to changing conditions within the stream. According to Uzunov et al. (1988) , it is an oligo-(80%) or β-mesosaprobic (20%) water species preferring a small amount of organic pollution in water. During the part of the year when concentrations of the dissolved organic matter are highest, most adults die after deposition of cocoons and the development of juveniles inside the cocoons takes place. Juveniles' hatching and growth start in the autumn after BOD values have decreased. The total trend showing an increase in the abundance of the oligosaprobic water species Byth. lemani and a decrease in the β-mesosaprobic species Both. vejdovskyanum (Uzunov et al., 1988) probably reflected overall changes in water quality at the site. Our data, however, are insufficient to specify the impact of particular environmental variables.
The reproductive strategy of Both. vejdovskyanum (Tubificidae) is different. The species reproduces by architomy, and adults are found only sporadically. Our peridiogram showed a one-year developmental cycle. These results can be compared with a one year study by Hrabě (1935a, b) who found worms, with up to 140 segments in winter, whose fission started in the second half of April, continued during summer, declined in autumn and completely stopped in winter. Similarly, in laboratory experiments, Both. vejdovskyanum reproduce by fragmentation without any marks of degeneration for several years (Timm, 1984) .
When looking at the asexual reproduction of the Naididae family, we can find the numbers increasing with temperature in the genus Nais (e.g., Poddubnaya, 1968; Pfannkuche, 1981; Dumnicka, 1982) , except for Nais elinguis Müller, 1773 (Learner et al., 1978) . No periodic cycle as a result of asexual reproduction was found in the genus Chaetogaster (Petto & Humpesch, 1992) .
We can conclude that the life history of the sexually reproducing lumbriculid Byth. lemani consists of a one-year reproduction cycle regulated by temperature; further knowledge of its seasonal dynamics could be obtained by sampling the smallest juveniles and cocoons. Under the same conditions asexual reproduction of the tubificid Both. vejdovskyanum was not affected by temperature, although it also showed a one-year reproduction cycle. For this species, a longer study period in the field will be necessary to find out which environmental parameter(s) regulate reproduction.
